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Obective

To determine if the current FAA compliance test
(12-sec Vertical Bunsen Burner Test), which is
used to certify air conditioning ducts and
electrical conduits, is comprehensive enough to
differentiate between a fire worthy and non-fire
worthy material as expected in today’s aviation
industry.




Introuction |

= Because of improvement in material
technology and the interest of minimizing
hidden fire threats in commercial aircraft, the
FAA re-examined one of its required
certification tests.

" The re-examined test was the 12-seconds
vertical Bunsen burner test (found in the Code
of Federal Regulations Title 14 Chapter | Part
25 Appendix F Part | (a)(4)) which is use to
certify components like ducts and conduits.
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Fire in Bulkhead AirTran DC-9-32, Greensboro, 8/8/00



Aroach

The approach selected to determine the
effectiveness of the 12-sec Vertical
Bunsen Burner test was by conducting a
testing program.

* 12 sec Vertical Bunsen Burner Test
(Baseline)

* Intermediate-Scale Test

* Heat Release Test

* Smoke Test

* Micro-Scale Calorimeter Test

 Radiant Panel Test




Aroach 8

Test Protocol: Chapter 1 of
DOT/FAA/CT-89/15 Aircraft Material Fire
Test Handbook

Sample Size: 75mm x 305mm

Heat Source: Methane Flame (41 kW/m?2,
925 °C)

Heat Source Exposure: 12 seconds
Flame Extinguishing Time: <15 seconds
Burn Length: <20.32cm

Drip Extinguishing Time: <5 seconds




Test Protocol: FAA Report DOT/FAA/AR-
99/44 - Dev. Of Improved Flammability
Criteria for Aircraft Thermal Acoustic
Insulation

Sample Size: 15.2cm (30.4cm) x 243.8cm

Heat Source: Polyurethane Foam Block
(49 kW/mZ2, 781 °C)

Heat Source Exposure: ~10 minutes

Not a compliance test
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Test Protocol: Chapter 5 of
DOT/FAA/CT-89/15 Aircraft Material Fire
Test Handbook

Sample Size: 150mm x 150mm

Heat Source: Methane Flame & Radiant
Heating Coils (35 kW/m?)

Heat Source Exposure: 5 minutes
Max Avg. Heat Release Rate: <65 k\W/m?

Max Avg. Total Heat Released (2 min):
<65 kW*min/ m?




Approach

Test Protocol: Chapter 6 of
DOT/FAA/CT-89/15 Aircraft Material Fire
Test Handbook

Sample Size: 73mm x 73mm

Heat Source: Methane Flame & Radiant
Heating Coils (25 kW/m?2)

Heat Source Exposure: 4 minutes

Max Avg. Specific Optical Density, Dm:
<200




Test Protocol: FAA Report DOT/FAA/AR-
01/117 A Microscale Combustion
Calorimeter

Sample Size: 1 milligram
Heat Source: Heating Coils (900 °C)

Heat Source Exposure: 10 to 120
seconds to effect pyrolysis

Not a compliance test




Approach '} =

Test Protocol: Appendix F to Part 25
(Part IV) — Test Method To Determine the
Flammability and Flame Propagation
Characteristics of Thermal/Acoustic
Insulation Materials

Sample Size: 318mm x 584mm

Heat Source: Propane Flame & Radiant
Heating Coils (17 kW/m?2 panel, 147 kW/m?
pilot)

Heat Source Exposure: 15 seconds
(pilot) and until flames are extinguished
(radiant panel)

Max Flame Propagation: < 5.08 cm

Max Flame Time: < 3 seconds






Results

ITEM MO MATERIAL MATERIAL TEST FLAME BURM DRIP COMMERNTS Pasgs or Fail
DETAIL NUMBER EXTINGUISHING | LEMGTH (Ch) | EXTINGUISHING
INFORMATION TIME TIME
Sample fram B727 air glgzdarrrgi aree =
1 Fiberglass/Epoxy/Polyurethane |conditioner overhead 092104711 0 5.99 0 -5 B, Charming, Passed
foarn core was
duct (1980) . :
irvaleed in fire.
Fire darnage area =
N )
092104712 0 £.99 0 55280 Gl Passed
foam core was
irvalved in fira,
Fire darnage area =
F.98 cmz; charring,
092104713 8 762 0 foam core was Passed

involved in fire; it
spark and had after
flames.







Intermediate-Scale
Test 092904T1

Fiberglass / Epoxy /
Polyurethane Duct

September 29, 2004




Results

INTERMEDIATE-SCALE TEST

Dwct burned completely. Duct

Burn Length {crm) 304.8 304.8 length was 304.8 cm,
[gnition source peak heat flux
5 was B2 kvwwirn® with a total
Heat Release Peak (kWWm®) 1 B3 heat release of 43,6
Ky rmindr? in 2 minutes.
Time to Peak Heat Flux (sec) 63 B6 UISU a0 [T
heat flux peak.
Feak Temperature idegC) 825 835
There is no FAA acceptance
Pass or Failed Test? Failed Failed criteria for this test; but, it was

completely destroyed.




Results

3 HEAT RELEASE TEST®

Heat Flux of OSL was 35.042
Ky, FAR requires that

Heat Release Peak (kWim®) 74.34 87.80 86,23 this value daes not exceed 65
kW
Heat Releagse Peak Time (sec) 12 5 g
FAR requires that this value
Total Heat Release (kWY minfm2) 10511 110.83 119.56 does not exceed BA
kW minsm’.
Pass or Fail Test? Failed Failed Failed




Results

MICRO.SCALE COMBUSTION
CALORIMETER"

Fiberglass/Epoxy Laminate

Polyurethane Foam

There is no FAA acceptance

Heat Release Capacity (1fg-k) 123.0 436.0 criteria for this test
Total Heat Helease (kJ/g) 13.4 247
Char (%) 126 249




Results

] SMOKE TEST*
Maxirmurn Spemﬁc.DptmaI 145.00 119.12 197 94
Density (D)
Pass or Fail? Passed Passed Passed FAR requires that this value

does not exceed 200.







Results

a] RADIANT PANEL HEAT TEST™

Flame Propagation {cm)

Waterial ignited very fast; test was
stopped befare end

Material ignited very
fast; test was stopped
befare end

MAA,

FAR requires that this value
does not exceed 5.03 cm.

Flarne Time (sec)

Material ignited very fast; test was
stopped befare end

haterial ignited very
fast; test was stopped
before end

A8,

FAR requires that this value
does not exceed 3 sec.

Pass or Fail?

Failed

Failed

[AA,




Conclusio

* The evaluation test results showed that the currently used method
to certify aircraft ducts and conduits, that is the 12-second Vertical
Bunsen Burner test, is not robust enough to correctly differentiate
between a fireworthy and a non-fireworthy material as expected by
today’s level of safety.

* The intermediate-scale test, the OSU heat release rate test, and
the radiant panel test showed how deficient is the fireworthiness
property of the evaluated aircraft material
(fiberglass/epoxy/polyurethane composite).




Recomme dati C

The William J. Hughes FAA Technical Center recommends that a
new fire test method be developed and used to certify the
materials that fall under that particular federal regulation.




Additional aircraft duct materials are currently been tested to
characterize their fireworthiness and provide data for the
development of a new test for means of compliance with FAR
25.853 (Compartment Interiors).




Ongoing Work ""

ITER MO, MATERIAL

Fibrglass/Epaxy/Polyurethane
Fiberglazs/Falyester 22 Ply)
Fiberglass/Epoxy ( 2 Ply)
Ulterm
Fadel
[ylon
Kevlar/Epoxy 2,3 4 Ply)
Fiberglass/PEI
Graphic/PEI
Kevlar/PEI (22 & 3 Ply)
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